The structure of the RNA octamer r(C4G4) has been determined in two different crystal forms. 
The structure of the RNA octamer r(C4G4) has been determined in two different crystal forms. The conformations of the RNA duplex in the rhombohedral and hexagonal lattices display only minimal deviations, demonstrating that the RNA double helix is considerably less deformable than the DNA double helix. For the first time the crystal structures of an A-RNA and an A-DNA with identical sequence can now be compared. The large number of ordered water molecules observed in the minor groove of the RNA duplex suggests that an important contribution to its higher rigidity derives from the improved hydration due to the presence of the 2'-hydroxyl groups. Our finding that the conformation of the RNA double helix is virtually unaffected by different crystal packing modes provides evidence that proteins may not alter the conformation of RNA stem regions in a significant way. The crystal structures of over 100 synthetic DNA fragments have led to detailed knowledge of the polymorphic nature of the double helix (Kennard & Hunter, 1991; Dickerson, 1992; Egli, 1994) . Such studies indicated considerable plasticity of the DNA duplex and demonstrated the dependence of the DNA structure on its crystallographic environment (Shakked et al., 1989; Jain & Sundaralingam, 1989; Lipanov et al., 1993) . However, only very few doublehelical RNA fragments have been investigated with crystallographic methods to date (Dock-Bregeon et al., 1988; Holbrook et al., 1991; Cruse et al, 1994; Leonard et al., 1994; Baeyens et al., 1995) . Thus, our understanding of the influence on RNA structure of base sequence, hydration, and packing forces, among others, is considerably more limited compared with DNA. We report here the crystal structures of a self-complementary RNA octamer with sequence r(C4G4) in a rhombohedral and a hexagonal form at resolutions of 1.8 
MATERIALS AND METHODS
A preliminary description of the experimental procedures has been given elsewhere (Egli et al., 1995 h Haran et at., 1987; Eisenstein & Shakked, 1995. in Table 1 . Crystal structure determination was first attempted with the hexagonal form, since it was assumed that the duplex would be located on a 2-fold rotation axis, thus facilitating the molecular replacement search. The structure was solved with the program AMoRe (CCP4, 1994; Navaza, 1994) , using the A-DNA duplex with identical sequence and added 2'-oxygens as the search model. Figure 1A ,B. Selected helical parameters of the three double helices are given in (Figure 2 , Table 3 ). The backbones in the hexagonal duplex bridging this step have identical geometries due to the crystallographic 2-fold symmetry. All torsion angles fall within the standard A-type (Figure 1 ). The A-DNA duplex displays a relatively small inclination of base pairs and a wide major groove ( Figure 1C , Table 2 ) and has the appearance of A'-RNA (Saenger, 1984 Figure   3 depicts views into the minor grooves of the rhombohedral RNA duplex and the A-DNA duplex, both with sequence C4G4. Apart from a few water molecules coordinated to phosphate groups and bases, the DNA minor groove is essentially dry. To a certain extent this lack of hydration can be attributed to the stacking of terminal base pairs from two neighboring molecules into the minor groove. The extensive hydration of this groove in the RNA is directly related to the presence of the ribose 2'-hydroxyl groups; these are engaged in a total of 25 hydrogen-bonding interactions. All 2'-oxygens are coordinated to two water molecules on average except for the two terminal cytidines from one strand. This region displays relatively high thermal mobility in the crystal, and it was therefore decided to exclude water molecules from crystallographic refinement which were tentatively assigned to it. Importantly, in the majority of base pairs water molecules link the 2'-hydroxyl groups with the 02 oxygen of cytidines and the N3 nitrogen of guanidines. The more hydrophobic nature of the DNA minor groove may explain the interaction modes between duplexes observed in the crystal lattices of A-DNA octamers. It appears that RNA duplexes generally prefer an end-to-end stacking arrangement over base pair-minor groove interactions, possibly due to the altered polarity of the groove as a consequence of the 2'-hydroxyl groups and the water molecules bound to them. Undoubtedly, their systematic hydration provides an important contribution to the overall stability of the RNA duplex and, in addition, is likely to be of importance for the stability and the selectivity of RNA- Figure 4A ), and in the hexagonal crystal they define a right-handed superhelix ( Figure 4B ). Therefore, contacts between helices in both forms occur primarily between their terminal base pairs. However, the stacking modes in the two crystals deviate; in the rhombohedral lattice duplexes are stacked head to tail ( Figure 5A ), creating a more or less continuous double helix, interrupted only by the missing phosphate groups between octameric segments ( Figure 4A ). In the hexagonal form, helices are stacked head to head ( Figure 5B ) with consequently discontinuous major and minor grooves ( Figure  4B ). (Westhof & Sundaralingam, 1986) and the orthorhombic crystal form (Westhof et al, 1988 (Cavarelli et al, 1993) . There are currently only very few detailed threedimensional structures of RNA oligonucleotides (Dock- Bregeon et al., 1988; Holbrook et al., 1991; Cruse et al., 1994; Leonard et al, 1994; Baeyens et al, 1995) and protein-RNA complexes (Rould et al, 1989; Ruff et al, 1991; Biou et al, 1994; Oubridge et al, 1994 , Valegard et al, 1994 Kim, Y., et al. (1993) , and Klimasauskas et al. (1994) ]. Evidently, the RNA itself takes on a much more active role in the protein-nucleic acid recognition process compared with DNA. Thus, base mismatches, single-or multiple-base bulges, loops, and a flurry of other secondary structure elements (Wyatt & Tinoco, 1993) can serve the specific interaction of proteins with RNA (Frankel et al, 1991; Weeks & Crothers, 1991; Musier-Forsyth et al, 1991; Oubridge et al., 1994 , Valegard et al., 1994 . As more three-dimensional structures of RNA fragments are being determined, the roles of base sequence, hydration, ion binding, and other factors constituting the fundaments of the catalytic properties of RNA will become better understood.
